#484

VOYAGER 1 AND 2
FMAGNETOMETER & PLASMA JUPITER & CRUISE DATA

HG COOR. 5-3 COOCR.
“77-084A-05A 77-084A-05B -
77-084A-06A 77-084A-06B -
77-076A-05A 77-076A-05B.,
77-076A-06A 77-076A-06B.~

SATURN & PLASMA ENCOUNTER DATA (HG COOCR)
77-084A-05D ..
77-084A-06D -

77-076A-05D
77-076A-06D .

VOYAGER 1 & 2 SATURN ENCOUNTER DATA
L1 COORD. :
77-084A-05E, O6E ,~
77-076A~05E, O6E -




VOYAGER 2
MAGNETOMETER JUPITER SUMMARY TAPES (HG COORDINATES)
JUPITER PLASMA SUMMARY TAPES (HG COORDINATES)
77-076A-05A, 062

This data set has been restored. There were originally 15
9-track, 6250 BPI tapes written in Binary. There are five restored
tapes. The DR tapes are 3480 cartridges and the DS tapes are
9-track, 6250 BPI. The original tapes were created on an IBM 360
computer. The DR and DS numbers along with the corresponding D

numbers and the time spans are as follows:

DR# DS# DD# FILES TIME SPAN
DR03788 DS03788 D41959 1 06/19/79 - 06/24/79 *
D41960 2 06/24/79 - 06/29/79 *
D41961 3 06/29/79 07/04/79 *
DR03789 D3S03789 D41962 1 07/04/79 - 07/08/79 *
D45768 2 07/04/79 - 07/09/79 **
D45769 3 07/10/79 07/14/79 **
DR03790 D3S03790 D41963 1 07/12/79 07/14/79 *
D41964 2 07/14/79 07/19/79 *
D41965 3 07/19/79 - 07/25/79 *
DR03791 D303791 D41966 - 1 07/24/79 07/29/79 *
D41967 2 07/28/79 08/04/79 *
D41968 3 08/04/79 08/08/79 *
DR03792 DS03792 D41969 1 08/08/79 08/12/79 *
D45770 2 08/08/79 - 08/13/79 **
D45771: 3 08/14/79 08/18/79 **

* These files are Cruise Data
** These files are Encounter Data




VOYAGER 1
MAGNETOMETER JUPITER SUMMARY TAPES (HG COORDINATES)
JUPITER PLASMA SUMMARY TAPES (HG COORDINATES)
77-084A-05A, 06A

This data set has been restored. There were originally eight
9-track, 6250 BPI tapes written in Binary. There are three
restored tapes. The DR tapes are 3480 cartridges and the DS tapes
are 9-track, 6250 BPI. The original tapes were created on an IBM
360 computer. The DR and DS numbers along with the corresponding

D numbers and the time spans are as follows:

DR# DS# DD# FILES TIME SPAN
DR03808 DsS03808 D41954 1 02/25/79 -~ 03/02/79 *
D41949 2 03/02/79 - 03/07/719 *
D41950 3 03/07/79 - 03/12/79 *
D41951 4 03/12/79 03/16/79 *
D41952 5 03/16/79 03/18/79 *
DR03809 DS03809 D41953 1 03/18/79 03/20/79 *
D41855 2 03/20/79 03/24/79 *
DRD3810 DS03810 D46723 1 03/02/79 03/07/79 *x*

* These tapes are Cruise Data
** This tape is Encounter Data




VOYAGER 2
MAGNETOMETER JUPITER SUMMARY TAPES (S3 COORDINATES)
JUPITER PLASMA SUMMARY TAPES (S3 COORDINATES)
77-076A~05B, 06B

This data set has been restored. There were originally ten
9-track, 6250 BPI tapes written in Binary. There are ten restored
tapes. The DR tapes are 3480 cartridges and the DS tapes are
9-track, 6250 BPI. The original tapes were created on an IBM 360
computer. The DR and DS numbers along with the corresponding D

numbers and the time spans are as follows:

DR# DS# DD# FILES TIME SPAN
DR03774 DsS03774 D43083 1 07/04/79 - 07/08/79 *
DR03775 DS03775 D43084 1 07/12/79 - 07/14/79 *
DR0O3776 DS03776 D43085 1 07/14/79 -~ 07/18/79 *
DR03777 DS03777 D43086 1 07/19/79 - 07/24/79 *
DR03778 DS03778 D43087 1 07/24/79 - 07/29/79 *
DR03779 DS03779 D43088 1 07/28/79 - 08/04/79 *
DRO3780 DS03780 D4308% 1 08/04/79 - 08/08/79 *
DR03781 DS03781 D43090 1 08/08/79 - 08/12/79 *
DR03782 DS03782 D45772 1 07/04/79 ~ 07/09/79 **
DR03783 DS03783 D46640 1 07/10/79 - 07/14/79 **

* These tapes are Cruise Data
** These tapes are Encounter Data




VOYAGER 1
MAGNETOMETER JUPITER SUMMARY TAPES (S3 COORDINATES)
JUPITER PLASMA SUMMARY TAPES (S3 COORDINATES)
77-084A-05B, 06B

This data set has been restored. There were originally four
9-track, 6250 BPI tapes written in Binary. There are four restored
tapes. The DR tapes are 3480 cartridges and the DS tapes are
9-track, 6250 BPI. The tapes were created on an IBM 360 computer.
The DR and DS numbers along with the corresponding D numbers and the

time spans are as follows:

DR# Ds# DD# FILES TIME SPAN
DR03811 DS03811 D41956 1 03/02/79 - 03/07/79 *
DR03812 DS03812 D41957 1 03/07/79 - 03/12/79 *
DR03813 DS03813 D41958 1 03/12/79 - 03/16/79 *
DR03814 DS03814 D46724 1 03/02/79 - 03/07/79 **

* These tapes are Cruise Data
** This tape is Encounter Data




VOYAGER 2
MAGNETOMETER SATURN ENCOUNTER (HG COORDINATES)
PLASMA SATURN ENCOUNTER (HG COORDINATES)
77-076A-05D, 06D

This data set has been restored. There were originally two

9-track, 1600 BPI tapes written in Binary. There is one restored
tape. The DR tape is a 3480 cartridge and the DS tape is 9-track,
6250 BPI. The original tapes were created on an IBM 360 computer.
The DR and DS numbers along with the corresponding D numbers and the

time spans are as follows:

DR# DS# DD# FILES ' TIME SPAN

DR03850 DS03850 D60880 1 08/23/81 - 08/28/81
D60881 2 08/28/81 - 09/02/81




VOYAGER 1
SATURN ENCOUNTER DATA (HG COORDINATES)
PLASMA SATURN ENCOUNTER (HG COORDINATES)
77-084A-05D, 06D
This data set has been restored. There were originally two
9-track, 1600 BPI tapes written in Binary. There is one restored
tape. The DR tape is a 3480 cartridge and the DS tape is 9-track,
6250 BPI. The original tapes were created on an IBM 360 computer.
The DR and DS numbers along with the corresponding D numbers and

the time spans are as follows:

DR# DS# DD# FILES TIME SPAN

DR03849 DS03849 pDeoBse2 1 11/09/80 - 11/14/80
D60883 2 11/14/80 - 11/20/80




VOYAGER 2
SATURN ENCOUNTER L1 COORDINATES
77-076A-05E, 06E
This data set has been restored. There were originally two
9-track, 6250 BPI tapes written in Binary. There is one restored
tape. The DR tape is a 3480 cartridge and the DS tape is 9-track,
6250 BPI. The original tapes were created on an IBM 360 computer.

The DR and DS numbers along with the corresponding D numbers and the

time spans are as follows:

DR# DS# DD# FILES TIME SPAN

DR03851 DS03851 D61727 1 08/23/81 - 08/25/81
D61728 2 08/24/81 ~ 08/29/81




VOYAGER 1
SATURN ENCOUNTER L1 COORDINATES
77-084A-05E, O6E

This data set has been restored. There were originally two

9-track, 6250 BPI tapes written in Binary. There is one restored
tape. The DR tape is a 3480 cartridge and the DS tape is 9-track,
6250 BPI. The original tapes were created on an IEM 360 computer.
The DR and DS numbers along with the corresponding D numbers and the

time spans are as follows:

DR# DS# DD# FILES TIME SPAN

DR0O3856 DS03856 D61729 1 11/09/80 - 11/14/80
D61730 2 11/14/80 - 11/18/80




REQ. AGENT RAND NO. ACQ. AGENT
BER V0067 RWV
GLS V0236 WSC
DAD V0238

VOYAGER 1 & 2
MAGNETOMETER & PLASMA JUPITER SUMMARY DATA TAPES
S-3 COCRDINATES

77-076A-05B 77-076A-06B
77-084R-05B 77-084A-06B

HG COORDINATES
77-084A-05A 77-084A-06A
77-076A-05A 77-0706A-006A

SATURN & PLASMA ENCOUNTER DATA (HG COORDS.)

77-084A-05D 77-084A-06D
77-076A-05D 77-076A-06D

This data set catalog consists of Voyager 1 and 2 data.
They are 6250 BPI, 9 track, single filed, and binary formatted.
They were created on the IBM 360 computer. The D taper

are standard labeled.
DATA SETS AND TIME SPANS ARE AS FOLLOWS:
v 77-084A-05A

(HG COORDS.) <CRUISE DATA

77-084A-06A
D# C# TIME SPANS
D-41949 C-21334 03/02/79 03/07/79
D-41950 C-21335 03/07/79 03/12/79
D-41951 C-21336 03/12/79 03/16/79
D-41952 C-21337 03/16/79 03/18/79
D-41953 C-21338 03/18/79 03/20/79
D-41954% C-21339 02/25/79 03/02/79
D-41955 C-21340 03/20/79 03/24/79
M/C;YAGER 1 (S-3 COORDS.) CRUISE DATA
77-084A-05B 77-084A-06B
D# C# TIME SPANS
D-41956 C-21341 03/02/79 - 03/07/79
D-41957 C-21342 03/07/79 - 03/12/79
D-41958 C-21343 03/12/79 - 03/16/79




Lot

(

(HG COORD.) CRUISE DATA

{5-3 COORD.) CRUISE DATA

VOYAGER 2 77-076A~05A
77-076A-06A
D Cx TIME SPANS
D-41959 C~21344 06/19/79 — 06/24/79
D-41960 C-21345 06/24/79 - 06/29/79
D-41961 C-21346 06/29/79 — 07/04/79
D-41962 C-21347 07/04/79 — 07/08/79
D~41963 C~21348 07/12/79 ~ 07/14/79
041964 C-21349 07/14/79 — 07/19/79
D-41965 C-21350 07/19/79 — 07/24/79
D-41966 C-21351 07/24/79 — 07/29/79
D-41967 C-21352 07/28/79 - 08/04/79
D-41968 C-21353 08/04/79 — 08/08/79
D-41969 C-21354 08/08/79 — 08/12/79
QEGG;;;E;Aéi 77-076A-05B
77-076A~06B
D# C# TIME SPANS
D-43083 C-21368 07/04/79 — 07/08/79
D-43084 C-21369 07/12/79 — 07/14/79
D-43085 C-21370 07/14/79 - 07/19/79
D-43086 Cc-21371 07/19/79 — 07/24/79
D-43087 C-21372 07/24/79 - 07/29/79
D-43088 C-21373 07/28/79 — 08/04/79
D~43089 C-21374 08/04/79 — 08/08/79
D-43090 C-21375 08/08/79 - 08/12/79




u/;OYAGER 1 ENCOUNTER DATA

77-084A-05A,06A HG COOR.

D# C# TIME SPAN

D-46723 C-21807 03/02/79 - 03/07/79

\//;;—084A—05B,06B S-3 COCR.

D-46724 C-21808 03/02/79 - 03/07/79

v VOYAGER 2 ENCOUNTER DATA

77-076A-05A,06A HG COOR.

D# C4 TIME SPAN
D-45768 C-21802 07/04/79 - 07/09/79
D-45769* (C-22340 07/10/79 - 07/14/79
D-45770 C-21803 08/08/79 - 08/13/79
D-45771 C-21804 08/14/79 - 08/18/79
77-076A-058,06B S-3 COOR.
D-45772 C-21805 . 07/04/79 - 07/09/79
D-46640 C-21806 07/10/79 - 07/14/79
VOYAGER 2 SATURN & PLASMA ENCOUNTER DATA (HG COOR)
77-076A-05D, 06D
D# C# TIME SPAN
D-60880 (C-23725 08/23/81 - 08/28/81
D~60881  C-23726 08/28/81 - 09/02/81
VOYAGER 1 SATURN & PLASMA ENCOUNTER DATA (HG COOR)

77-084A-05D, 06D

D# C# TIME SPAN
D-60882 C-23727  11/09/80 - 11/14/80
D-60883 C-23728 11/14/80 - 11/19/80

c-23729  11/19/80 -11/20/80

* THESE D-TAPES ARE NOT STANDARD LABELED.




VOYAGER 1 ENCOUNTER DATA

77-084A~05E ,06E L1 COORD.

ot ot
D-61729 C-23858*
D~61730 (~23859*

VOYAGER 2 ENCOUNTER DATA

ofep
77-&A~05E,06E L1 COORD.

o o
D-61727 C~23856*
D-61728 C~23857*

TIME SPAN

11/09/80 -~ 11/14/80
11/14/80 - 11/18/80

TIME SPAN

08/23/81 - 08/25/81
08/24/81 - 08/29/81




Proposed Plan for

Submission of Data from the Voyager Plasma Science Experiment to the NSSDC

A.  INTRODUCTION

Data from the Voyager Plasma Experiment consists of two basic types:
a. Data on the solar wind obtained during the cruise phase of the mission

b. Data obtained in the magnetosheath and magnetosphere of Jupiter during
the encounter phase of the mission.

Both of these sets of data have been subject to an extensive but basically a

preliminary analysis and a final more sophisticated analysis remains to be done on

~both sets. In the following sections we discuss the status of the data anmalysis

for both sets of data and summarize what we expect to deposit in the NSSDC by

October 1, 1980.
B. CRUISE DATA

Data has been obtained from both Voyager 1 and Voyager 2 from launch up until
the present time. The coverage is essentially complete {tracking is between 50
and 75% for each spacecraft) and has been analyzed to give hourly averages of
plasma velocity, number density, and temperature between 1 and 7 AU. These data
refer primerily to protons. The analysis of the helium component is not yet in
final form.

Higher time resolution data will, of course, be ultimately available. That
availability is contingent on a more sophisticated analysis of the alpha particle
component which depends in turn on the availability of final values for the inter-
planetary magnetic field. Depending upon the effort devoted to this analysis, it

will be one or two years before a final high time resolution cruise data set is




available. In the meantime we are willing to entertain proposals which reguire
Timited amounts of high time resolution data. |

As of October 1980, we intend to deposit an hourly average tape which for
Voyager 1 contains data obtained between 1 and 7 AU and for Yoyager 2 between
1 and 5 AU. The data on these tapes will include plasma flow velocity (speed
and two angles), proton number'density and temperature. At this point, it is

not practical to include data on the helium component.

C. ENCOUNTER DATA

Current State of the Analysis of PLS Data during Jupiter Encounter

The following brief description should make apparent the limitations of the
present analysis and define more clearly the data set which we propose to submit
to NSSDC.

Figure 1 shows the Voyager 1 trajectory projected onto the Jovian equatorial
plane; Also shown is the projection of the symmetry axis of the main sensor
cluster (S), which consists of three modulated-grid Faraday cups (the A, B, and
C cups). The projection of the normal of the side-looking sensor, or the D cup,
is also indicated (D). The prime field of view of the main cluster is roughly a
cone of hatf-angle 45° about the symmetry axis (Bridgé et al., 1977), and the
field of view of the side sensor is a cone of half-angle 30° about the cup normal.
It is apparent from this figure that plasma cerotating with Jupiter will flow
into the D sensor over most of the inbound leg of the trajectory. Cold corotating
fiow moves out of the D sensor and into the field of view of the main cluster near
closest approach, and out of the field of view of all sensors on the outbound legq.
This behavior is shown quantitatively for Voyager 1 in Figure 2, which gives the
response of the A, C, and D sensors to cold, rigidly corotating plasma as a function

of time along the spacecraft trajectory.




Up until the present, the bulk of the plasma data has been analyzed using
only one senscr at a time, the cup of choice being the one looking most nearly
into corotatjng flow at a given point along the trajectory. No analysis has
been carried out for highly oblique flows, i.e., when the flow is more than ~30°
from any sensor normal. Thus, we have done very little analysis on the outbound
legs of either Voyager 1 or Voyager 2. Examples of our inbound analysis of
individual cups is shown in Figures 3 and 4. Figure 3 shows the positive ion
charge and mass densities from ~45 RJ to closest approach {CA) on Voyager 1.

The analysis up to day 64 0300 is of D sensor data; analysis after that time is
either A, B, and C sensor data. Figure 4 shows the component of plasma velocity
into the D sensor on the inbound leg, derived from the lTow resolution (L-mode}
positive ion spectra. When we analyze only one sensor at a time, we obtain only
the component of plasma flow along that sensor normal (e.g., see Belcher et al.,
1980). Also shown is the expected component of flow along the D sensor normal
assuming rigid corotation. The fact that the plasma is moving at less than the
expected corotation velocity as close as 10 RJ to the planet has been one of the
most novel results of the PLS analysis (McNutt, et al., 1979; Hi11, 1980). An
example of one of the best M-mode spectra from the D sensor is shown in Figure 5;
we also show Maxwellian fits to varicus heavy ion species present in the spectra.

The analysis used to obtain the results discussed above uses one sensor at
a time. If the flow is reasonably supersonic (Mach four or greater) and is flow-
ing into the sensor at a small angle to the normal (<20°), one can sensibly take
the response function of the detector (see Vasyliunas, 1971; Belcher et al., 1980)
to be constant. With this assumption, our present analysis provides good estimates
of the densities and temperatures of the various ions, as well as their common
velocity component along the sensor normal. In some cases, when the flow is

close to the symmetry axis of the main cluster, the response function of all




of the sensors in the main cluster can be taken as unity, and the three velocity
components from the A, B, and C sensors can be combined to yield a vector velocity.
This is, of course, the normal procedure in the analysis of solar wind data. In
the Jovian magnetosphere, we can use this procedure only for a limited time around
closest approach (cf. Figure 2) and during one spacecraft maneuver near 35 RlJ on
Voyager 1 inbound. Most of the time the flow is oblique to two or more sensor
normals, the response function is very different from unity, and we cannot com-
bine the simple solar wind analysis from two or more cups to obtain vector veloci-
ties. However, we still have significant signals in the cups which are obligue

to the flow, and there is a large amount of information to be gained from the

analysis of that data if we properly account for the effects of the finite

response of the sensors. This type of analysis will be dane in the future.

Encounter Data to be Submitted to NSSDC

for the Jupiter encounter we plan to submit two sets of data. The first
will contain results of the analysis of encounter data performed to date which
are discussed above; that is, they will be the data.sets which form the basis
for the plots of charge density and mass density shown in Figure 3 and for the
analysis of plasma velocity shown in Figure 4. It should be possible for outside
users to utilize these data with 1ittle additional effort.

We also intend to deposit in NSSDC a more basic data set which includes
all of the encounter results but which will requife a good deal more experience
and investment of time on the part of potential users. The basic encounter data
set exists in a form which the PLS and MAG experimenters have called "summary
tapes." Basically, this data set is only one step removed from the Experiment
Data Records (EDR} furnished by JPL. They have been processed to remove bad

data, to arrange the data sequentially, etc. In addition they contain the results

7777777



of a ¢rude moment analysis to derive plasma parameters. This analysis is usually
not valid in the Jovian magnetosphere but it furnishes a useful basis for a quali-
tative evaluation of the data. We normally use this tape in conjunction with an
SEDR (Supplemental Experiment Déta Record) tape as a basis for analysis of the
encounter data; i.e., the summary tapes, the SEDR, and an appropriate software
package form the basis for most analyses which are currently being carried out

at MIT.

We feel that itis important that these summary tapes together with adequate
documentation be available as a primary data base especially for work which may
take place sometime in the future. For example, it may be especially important
to have the primary data available for future comparisons with results from Galileo

or ISPM.

D. DOCUMENTATION

Adequate documentation exists for most of the material described above.
There are significant gaps which we intend to i1l by October and although the
task is not negligible, it appears to be feasible to submit the data described

above and the appropriate documentation by about October 1, 1980.
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Figure 1: The Voyager 1 trajectory projected onto
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the projection of the D cup normal.
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Voya%er gonaoint Data_Tape Format
Fct Ccmbined MAG And PLS Analysis

iafpes are IBM standard label, 9 track and contain IBM
variable blocked (V3) records, Master tapes are 6250 BPI,
distribution copies may be 16C(/800 BPI.

There are four distinct types of records: header;
pagnetometer science; plasra science; ard engineering. All
Master Library tapes will contain all data récord tyfes.
Frior to flllng of these tares in the NSSDC at GS¥C, any
tages distributed outside the rrincipal sphere of interast

Mi1 and GSFC}, will ccrtain crly one type of data (MAG or

15} plus englneering, unless there is u@utual PI agreement
to do otlerwise.

bngineering records always precede science records. Science
reCcords aré tise ordered by the end time cf the PLS data
tlccks and the bﬁg;n tipe Of the MG data tlocks. The time
tag represents the Begip tise cf a block.

The first word in each record is an identifier for that type
cf data. $he,follow1ng table 1ists the record
characteristics and their fzequencghof cccurrence.

B Ieng
Becord Iype 1L Bate  (Eyfes) Hode
Ergineering ENG 1/ 12min 1092v G£3,CE1,CR2
, 1748min C53,CH4,C%5,CR6,CEY
low field 1FM 174Bsec 20786 All mcdes
gagnetcmeter
Exdéton high " 1/ 12sec z540v CE1
resclution %/Sﬁsec ¢53,Ck2,CR3,CrY
/ 192sec CE5,CFE§
Frctcn low 1 1/96sec 1056 GS3,C52,CF3,CR4
resclution 1/ 192sec CkE,C56
o 1/ 3:84sec CR7
Llectron E1/E2 1/ 12sec 680 CE1
2796sec 653,Co2,CE3,CRY
2/ 192sec CE5,CR6
2/ 3BlUsec CE7

Hign field MAG data is not ccmpacted and therefore will not
appear on this tape.

The LD card necessary tc read this tape is:

/sddname LD UNIT= (9TRACK IFFEE) LAETL=(, SL) ,DISP=SKR
Y LCE= (FECEA=VE 1h8c1=4228, 81ks 12818560, LEN=4],
. D5N=VCYAGEF.CENICINT.NAG. PIS, VOI=SEF=xk xxxx

tach logical record consgists ¢f two or mcre parts. The

fcllowlng diagrass sheow the different record types and the
diftferent segments ir each.

ENG - Engineering

v — Y T T, A A VIR s st et ol W e i e e . L ey .

' deader Selected Enaineering Data !
32 words 2 to 240 words
LF¥M - Magnetcrneter
l Header MAG Tata I SEDE
32 words 49€ words 40 words

e el e T g T T Pl T T A Mt oD A A il W A i g i ol el s A . e S -l el e bl O S A

B - Protcn Mode

| Header | Output Lata SELh ; Raw Data Cveglag |
| 32 words | 150 sords 50 wordsi 256 words! Variable|

A e v ke e T —— T O . AT . il D il il Db e e Y e i O o o v i T T —————



e am — —

L - Proton Mode

’ _Header Qutrut Data SEDE Raw Data
32 words 150 words 50 words 32 vwords

R S TR YRR S S S i U Y D MERNED WO S L P il o vl Y " o e S Ly il <Al < v e .

£1/E2 - Zlectron Mcde
1 Header Output Data SEDF , Raw Data
12 words 80 words 50 words 8 wotrds

L i T T N Al 1 M S o o bl =Y - - B it vty e -

Eecause of the variatle lenqgth of each reccrd, a word has
eer added to cach record héader block to alldw the use of
FCFTEAN in readln% this tape. The last halfword of the block

¢ontains the count of the number of words remaining in the
logical record.




KEIATIVE
kCip

1

7-8
$-10
11

~

12

13

14

15
16
17

18
19-20

21-29
30-31

32

——— e e Sp—

Ccamcn Reccrd Header Block

TIRE*LEN

A%

A¥y
A%4
I*2

I*2
I*2
I%2
I*2
I*32
£*8
E*3

%2
I*2

I%2
7%y
x4
I*2

I*2

A*8

4 (I%2)

I*2
I%2

DESCRIETICN

Data identifier: "ENG %, MIFN ¥,

“H l' "1 ﬂ' “31 ﬂ' ﬂ£2 ll’ “HDR}"'
"HDR;" : e

Telemetry format
s/¢ id: MPITI" or "FLT2W

Year of data —- 1900 (time tag for
beginning of data tlock)

Day of year (Jan 1 = 1)

Hour of day (0-23)

Minute of hour (0~-59)

Second ¢f minute {0-59)

Pilliseccnd of secend (0-999)

Decimal éay of year of data (Jan 1 = 0)
Decimal day count since 20AUG77

iyre of time: SCET or ERT

Time geriod of this data block in
seconds

2**16 seq counter c¢f data at *ime of
Egle@e;ry readout (increments once in
min

Yodulo 60 seq counter of data readout
(incresents Once ir 48 sec)

lire ccunter of data readout (1-800)
(irCrements once in 60 ms)

SPALE
Status word

Cogmand

Data identifier: LFM=1, HFM=2 H=36
F1=4, 1=5, E2=6, ENG=7, BBR1=8, HDE3=10
Data rate: 633=0, CE1=1, CE2=2, Cp3=3,
Col=4, CR52=5, Chei=, (F6E=7, CKI=8,

SPARKE

A character flag which indicates
scftvare or g/c hardvare intervention
reducing ccnfidence in data

SPARE

¥ cf primary data words, # of secondary
data werds, # of primary full words, #
cf seccndary full words” (LFM only)
Record numker cn tape

Number of words remaining in logical
record -



S L p——

[ %~ VS 5

&§-10
11

12-1¢6

17-21
2226
<7-31
22~36

31-41

42-46

47-61
€2-66

€7-91

Gz-116
117-141%
142- 160
167-191

192=-216

217-241

E44
K4
Akl
F*4
%4

R¥Y

3 (R*4)
I#4

LF® Data Area

—— . ——— =

¥1: average of 9.6 sec norws in gammas
F2: norm of (B1,B2,B3) in gammas
DEITA: arsin(B3/F2) in degrees

LAMBLA: 180 - atan {(B2,-B1) in degrees

B1: average of first 9.6 sec¢ component
in gammas

B2: average of second 9.6 sec component
in gamsras

B3: average of third 9.6 sec component
in gammas

EMS: rms vector in gammas

N: numkter of 9.6 sec avs that make ug
this average {(le 5)

22O253>> 9.6 sec av (RCTATED) <<«

5 (F*4)

5 (E*4)
5 (F#4)
S (R*4)
5 (F*4)

5 (E*4)
5 (E*4)

15 (E*4)
5 (T*4)

F1: averages of 1.92 sec norss in
gammas

F2: norms of (B1,BZ,B3) in gammas
DEITA: arsin{B3/F2) in degrees
LAMBDA: 180 - atan(B2,-B1 in degrees

B1: averages of first 1.92 sec
component in gammas

E2: averages of second 1.92 sec
corponent in gammas

B3: averages of third 1.92 sec
ccaponent in gammas

FMS: rms vectors in gammas (3 X 95)

N: Number c¢f 1.92 sec avs that make up
this average {le 5)

225552> 1.92 sec av (EQTATED) <<«

25 (R*4)

25 (R*4)
25 (E*4)
25 (R*4)
25 (B*4)

25 (E*x4)

25 (R%4)

F1: averages of detail poeint norms in
garmas

¥2: norms of (B1,B2,B3) in gammas
LCEITA: arsin(B3/F2) in degrees
LAMBLA: 180 - atan {E2,-B1) in degrees

B1: averages of first detail ccmponent
in gampas

B2: averages of second detail component
in gammas

B3: averages of third detail ccmponent
in gamwas




s o

LFM Data irea

242-316 TS5 (E*4) f: PAYLCAL rms vectors in gammas (3 X

317-341 25(I*4) N: numter of detail pcints that make up
his average

2X23353> s/¢ field averages (PAYIOAD) <<<<<<«<

342-488 SFATE
GEG-491 3 (R*Yy) EME: vector ras in gammas
492 Iy NSC: number of averages in B8 secs
493 R*y 3CX¥: average of first field ccmponent
in gamnmas
434 Tay 2CY¥: average of second field cemponent
in gameas
495 E*y 3X2: average of third field cCrponent
in gammas
4%6 Ry SCF: ncrm ef (S5CX,SCY,SCZ) in ganmas

Note: For Jupiter System ITI (B1,B2,B3) are Spherical
cccrdinates while the angles DEI%A an! 1iMBb2 "are erived
frem Cartesian ceordinatés.

U
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B et S VS,

Engineering L[ata Area

KELATIVE
BCED SIEEFLIN DESCRIETIICY
1 I*2 Leck (Erg ccde 620-672)
I%2 Value cf ENG
2 R*4 "read-out” time of data_in seconds past
time on record header blcck
3240 rereat words 1 and 2 for each new set

Since onlg engineering rarameters which cbange are
entered into tke reccrd, theé record is of variable length.




KEIATIVE
KCEL
1-2
3-4

5-10

11

12-13

14-22

«3-31

32-40

41-50

Ry

R*4

LR

K*Y

nky

SEDR Lata Elock

DESCRIETICHN

IN: epicda ¥ of pnavigatiorn bleck
nciosest" to data

TF: epicda { of gozntlng vector block
"closest® to

Spacecraft relative positicn vector and
velocity vector in

EG: Inertial Sun xguator Systen
(AD,km/sec). Time fag is .

S$3: Jupiter gstem III Cartesian
(Jupiter rad ka/sec) Time taq is TN.

Spacectraft distance from

BG: Sun in 20. Time tag is TN.

$3: Jupiter in Jupiter radii. Time tag
is -

Spacecraft relative longitude &
latitude in radians in

EG: Inertial Sun Equator System. Time
tag is 1IN.

S3: Jupiter la+1tude Juplter System IIZ
longitude. Time tag is .

Note O<—1ong1tude<2*gl and
-pis2<latitide<=+pi/

HG: Matrix to rotate data from Inertial
Sup Equator System to Inertial.
Heliodraphic Systewm. Time tag is 7N,

533 Matrix to rotate data frcm Jupiter
System IIT Cartesian tc Juplter Systen

I11 Spherical. Time tag is DI.

BG: Matrix to rotate data from Inertial
Heliographic System t¢ Farth-Orktit-True
System. Time tag is TN.

53: HMatrix to rotate data from pa¥;oad
tc Jupiter System III Cartesian. Tine
tag is DI.

EG: Matrix to rotate data from pa*;oad
t0o Inertial Heliographic System. Time
tag is DI.

S3: Matrix to rotate data frorm pa;load
to Jupiter System III Spherical. Time
tag is [T.

SFART

Matrices are left mul%ip%yi%g with elements in the order:

lime tag

IN is relative words 1-2 a

4 & &
7 8 9

e, Time tagqg DT is

bov
recaord headér time plus 1/2 trhe 1ength of the data récord.

-7 -



SFDR Tata Elock

When MAG(28) switch is ¢n and thte record is LEM, the time
tag for relative words 32-4C atove is record header time
plus 47.04 seconds.
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Lescription of ¥JS summrary
HL¥1 1ecords at beginning and €

10
11-12

13
14-16

17

18~31
32

33~-52

53-64

€5-66
€7-68
€5-76
17-84
E5-92
$3-94
$5-96
$71-98

I*2
I*2
I*2
I*2
I%2
I*y
Il
LR
I*xy
A*8
A%y

I*2
I%2

I%2
I*2

10 (A%8)
6 (A%8)

a%8
248
32 (L*1)
32 (1*1)
32 (1L*1)
A%8
A%8
A*8

Eeader Fecords

Eape and MAG detall tape)

ngd of éape(s).

®ELR M
Telemetry format
s/¢ id: "FLTI® or “rlT2"

Year of data - 1900 (from first data
record)

Lay of year of data

Hcur of day of data

Minute of day of data

Second of minute of data

Milliseccnd of seccnd of data

Year of this run

Calendar dzy of year c¢f this run
Morth ¢£ this run

Lay of month of this run

Fun type: WCRUISE®™ or T"ENCOUNTER"
Cccrdinate system (not on detail tape)
SEARE

Data identifier=3 (not orn detail tape)
SPARE

SEARE

Record nuesker on tape

Nueber of words remaining in logical
record

list of mounted EDE vcluse serial
nunbers

Llist of mcunted 3FEDE volnume serial
migbers

Vclume serial nuaber <f summary tape
Vclume serial number of MAG detail tape
System switching vectors
BAG switching vecters
P1i§ switching vectors
Name of zeroces
Naere of sensitivities
Name 0f calitrations
-g..



— -

$S-100

NOIE:

scme

Header records

SPARE

e fields max be incomplete when this record is
at the beginning of the tape.
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Header Records

Descripticn ¢f MJS summary tape HDE3 records to be
placed after each HPE1 record.

RELATIVE
WCED

- e

1
-3
4§

18-31
32

3i-1056

I%2
I%2
i*2
I*2
I*2

I*2

I%2

Ix2

1*2

A*4096

SPARE

Year of data - 1900 (from first data
record)

Day of year of data

Hour of day of data

Minute of day of data

second of minute of data
Milliseccnd of seccnd of data
SPAEE

Data ideptifier=10

SBARE

SERARE

Kecord number on tape

Nugber of words remaining in logical
record

Contents of FLCCNS compobn bleack

ey



July 31, 1984

TO: 601/Dr. Kent Hills
FROM: 695 /Planetary Magnetospheres Branch

SUBJECT: Voyzager MAG Summary Tapes: Formats and Coordinates

The Voyager MAG/PLS Summary tapes for Saturn are essentially identical in format
to the Jupiter Voyager tapes, only a few names have changed consistent with the
particular encounter. For example, where we used System III for the Jupiter
encomter (i.e,, the "rotating system") we now use for Saturn the L1 coordinate
system, L1 is identical to the Desch and Kaiser SLS system, as far as Saturn's
rotation period and phase are concerned; see Deseh, M. D., and M. L. Kaiser,

Voyager Measurements of the Rotation Period of Saturn's Magnetic Field, Geophys,

Res, Lett., 8, 253, 1981,

The MAG portion of the Summary Tapes are described on pp. 1.15-1 through 1.15-9
of GSFC-X-694-76-242, "Commonly Used Digital Tape, Disk and Card Formats,"
(Revised Feb., 1981), and I have attached p. 1.15-4, which shows the relevant

blocks of MAG-averages, Notice the camponents B1, Bz, B These correspond to

3.
BR' BT, BN’ respectively, in the (spacecraft centered) Heliographic (HG)

coordinate system, for which we also have supplied Jupiter and Saturn encounter

tapes, But in the L1 (z SLS) system B1, Bz, B3 correspond to Br’ B., B

el ¢!
respectively, which are in a spacecraft centered system whose basis is the

following set of orthogonal unit vectors (see Fig, 1):

f, along the Saturn-spacecraft line, positive away from Saturn;




Tirold o7 e
24 7 6ot -

§, perpendicular to £ and parallel to a Saturnian meridian plane, positive

southward; and

$, equal to £ x &, which is parallel to Saturn's equatorial plane and positive

eastward, i.e,, in the direction of planetary rotation.

Obviously the absolute directions of £, 8, and § will depend on the spacecraft
position at any instant, but they do not depend on the period or phase of

Saturn. On the other hand, on the L1 tapes the angular representation of the

field's direction, given by DELTA (6L1) and LAMBDA (xL1) on p. 1.15=U in the
"Formats" document, does depend on the planet's period and our chosen phase.
These angles reflect the Desch-Kaiser SLS chosen period/phase. The attached
skgtch {Fig. 2) gives the definitions of these angles, Notice that for an
inertially fixed 5/C and fields represented in the L1 system 1L1 will go through

360o every 10 hours, 39,4 min,

Usually for model-fitting of the planetary field it is the components Br' Be,
Bt' and knowledge of the S/C position in the same spherical system that are

used, not lL1 and 5L1' Since in model field fitting the S/C position must be
represented in a planet-fixed system, i.e., rotating, then the spin period and

phase chosen to represent the planet's rotation (SLS in our case) become

important,

%m .

R, P, Lepping




LFM Data Area

m—e—-=~~ 48 seC av (ROTATED) -=~=-=o-

F2: norm of (B1,B2,B3) in Qammas

DELTH? arsin(B3/F2) in degrees

Fi: average of 9.6 sec norms in gammas

LAMBDAZ 1BQ - atan(B2,-81) in degrees

R*=4 (é;ﬁ average of first 9.6 sec component
n

arsin(B3/F2)

RMS: rms vector in gammas

N: number of 9.6 sec avs that make up

-

F1: averages of 1.92 sec norms in

in gammas

in degrees

180 - atan(B2,-B1)} in ogegrees

af first 1.92 sec

gammas

of second {.92 sec

gammas

of third 1.92 sec
gammas

RMS: rms vectors in gammas (3 X 5)

25(R*4) F1: averages of detail peint norms §n

F2* norms of (B1,B2,B3) in gammas

25(Rv4) ars-in(BS/FQJ in degrees

180 -~ atan(B2,-B1} in degrees
AS(Re4) aversges of first detail component

25(R=4) Cé;? sverages of second detail component
n

25(R=4) ég} everages of third cetall component
. n

RELATIVE
WORD TYPE<LEN DESCRIPTION
] R*4
2 R*4
a R=4
4 R=4
~
S
gammas
6 R=4
in gammas
7 R=4
in gammas
. 8-10 3(R=4)
11 1=4
this.average (le 5)
-------- 9.6 sec av (ROTATED)
12-16 5(R*4)
gammas
17=-21 " S5{R=*4) F2: norms of (81,B82,83)
22-26 5{R=*4) DELTA
27=31 S(R=4) LAMBD
32-36 5(R*4) (EE} averages
component in
37-41 5(R+4) (821 averages
compconent in
42=-48 S5{R=4) (Eé} averages
omponent in
47-61 15(R=4)
€2-6& 5(1%4)
this average (le §)
mmmemmwe 1,92 5eC ay (ROTATED)
6791
gammas
92-116 25(R*4)
117-141
142-166 25(R=4) AMBDA
167-191
in gammas
192-218
gammas
217-241
gammas
1,154 -
R s Ry e sl s ™ £ = 1

i

é;} average of second 9.6 sec component

é;} 2verage of third 9.6 sec component

N: Number of 1.92 sec avs tha: make up
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Figure 1. Notice that 7, 8, ¢
relative to Saturn,

depend on the position of the spacecraft (S/C)
but not on Saturn's period or rotational phase.
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Figure 2.

-Y p?ane is parallel to the equator1a1 plﬁne of Saturn, and the

% and ¥ axes rotate at the SLS period { 39.4). And ¥ is parallel
to the x-axis (at Saturn), which is the 1ntersect1on of the planet's
(SLS)* prime meridian plane and the equatorial plane, positive

away from the planet's center.

See Desch and Kaiser, Geophys. Res. Lett., 8 253, 1981.
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ABSTRACT

We have discovered that an error was made in computing ion temperatures for
some of the results derived from the positive ion data from the Plasma Science
(PLS) experiment on the Voyager spacecraft. The reported results directly
affected by this error are the ion temperatures in the inner magnetosphere of
Jupiter given by Bagenal et al. (1980) and Bagenal and Sullivan (1981) plus a
single ion temperature calculated from Voyager 1 data obtained in Saturn's
magnetosphere and quoted by Bridge et al. (1981). The ion temperatures gquoted

- for the torus region in the original Jupiter Sciemce article (Bridge et al.,

1979) and all of the ion temperatures in the middle magnetosphere of Jupiter
(McNutt et al., 1981) were derived independently and are unaffected by the
error.

Abstract i




DISCUSSION OF ION TEMPERATURE MEASUREMENTS

We are currently reanalyzing much of the positive ion data obtained by the
Voyager PLS experiment during the Jupiter encounters. In the course of that
analysis it became apparent that some ion temperatures ohtained in previcus
work were a factor of two lower than those derived from the current analysis
program. This discrepancy was traced to an error which affected some but not
all of the earlier results.

The error, which caused the ion temperature to be quoted at half of the
correct value, was introduced because the "ion thermal speed" was defined
inconsistently in separate parts of the analysis of the torus data. The ener-
gy-per-charge spectra obtained by one of the PLS detectors during the inbound
- traversal of the Io torus are shown in Figure 5 of Bagenal and Sullivan
(1981). In the initial analysis of these spectra each ionic species was
assumed to have an isotropic reduced distribution function in velocity space
which could be described for a specified direction (such as along the detector
normal) by a Maxwellian function

f(v) = nw ? (21})"“ exp{-(v-V)2/(2uw?)} (1)

involving three independent parameters: the bulk speed of the ions in the
specified direction V, the total number density n, and the thermal speed w.
For the above form of f£(v), w is related to the ion temperature by
w = (kT/m)*/2? where m is the mass of ion. The error occurred when the values
of the icn thermal speed derived from the data in this way were later con-
verted to ion temperatures using the more common definition of (2kT/m)*’/? for
the thermal speed. Thus the ion temperatures that emerged from the analysis
were a factor of two lower than they should have been. Although the values
derived for local density and bulk speed are obviously not affected by this
error, the underestimate of the ion temperatures has two major effects. First,
the incorrect ion temperatures were used to calculate scale heights for diffe-
rent ionic species. Since these scale heights form the basis for the two
dimensional plots of plasma density in the torus (as a function of cylindrical
radial distance and distance from the centrifugal equator, z), the contour
. plots given by Bagenal et al. (1980) and Bagenal and Sullivan (1981) are




incorrect. In addition, values of the flux tube content per unit L times Tihe
L-shell parameter squared (NL?), derived using these temperatures, are unc.--
estimates by about a factor of (2)/2. The following section contains a s.
maxry of published results affected by this error igp calculating the ien temr
eratures.

SUMMARY OF THE EFFECTS ON PUBLISHED RESULTS

The ion temperatures derived by Bagenal and Sullivan (1981) and shown in Fig-
ure 7 of that paper should be incressed by a factor of two, as should the ion
temperatures in Figure 1 of Bagenal et al. (1980) (however, see the following
section for a discussion of the inherent uncertainties in the ion temperature
determination). The temperatures inside of 10 RJ only, shown in Figure 11 of
McNutt et al, (1981), should also be increased by a factor of two. With
regard to the single incorrect estimate in Saturn's magnetosphere, the thermal
speeds quoted in Figure 5 of Bridge et al. (1981) for ions with mass to charge
ratios of 1 and 16 should be 38 and 28 km sec ! respectively, where thermal
speed is defined as (2kT/m)3/2,

The ion temperatures in the inner magnetosphere of Jupiter were used to
extrapolate the local measurements of ion density away from the spacecraft
location along magnetic field lines; these extrapolated values of ion density
describe the spatial distribution of plasma in the To torus and were given in

the form of density contour plots by Bagenal et al. (1980) end by Bagenal and
Sullivan (1981).

Correction of the ion temperatures results in a torus which is more
extended in latitude than that shown in these papers. If we approximate the
density distribution along a field line as a Gaussian function

n(z) = n(z=0) exp {-(z/H)?)} (2)

where the scale height Hi(T)ifz, it is evident that the two-fold increase in
tamperature means that the torus should be ~40% more extended in the z-direc-




tion. The spatial distribution of torus plasma has been re-calculated in the
same manner as Bagenal and Sullivan (1981) using temperatures corrected by'a
factor of 2. The resulting map of positive ion charge density (in elementary
charges/ca®) is shown in Figure 1.

If we take the boundary of the plasma torus to be defined as the 250 em
contour of the electron density wmap, the total volume was estimated to be
7.7x10%'cm® (212 RJ’) before correcting the temperature. Using the corrected
contour map in Figure 1, the volume is increased by 30% to 1.0x10%%*cm® (287
RJ’) and is equivalent to a uniform torus with major and minor radii of 6.0
and 1.56 RJ respectively. Only 3.0% (27%) of this volume is occupied by

charge densities of over 2000 (1000) em™? while these regions of high demsity
contribute 9% (48%) of the total of 9.1x10%* elementary charges. As an aside,
we note that the average demsity is only 875 em ?; this is considerably less
than values gemerally used in the literature for the Voyager 1 epoch in stu-

dies of the torus.

Values of the quantity NL® have been derived using the scale height approx-
imation for the density distribution given in equation (2) and integrating
over z to obtain

2 o 3/2 p 2 13
NL T 2 Ry* L ni(z=0) Hy 3

Thus the erroneous ion temperatures caused the value of NL? to be underesti-
mated by a factor of ~(2)¥2.

Values of NL? derived from the Voyager data have been used by various
authors to calculate rates of plasma diffusion in the torus regiom (Richardson
et al., 1980; Richardson and Siscoe, 1981; Siscoe et al., 1981; Richardson and
Siscoe, 1983; Cheng et al., 1983). Tokar et al. (1982a) used the plasme dis-
tribution derived by Bagenal and Sullivan (1981) to calculate the dispersion
that would be expected if the whistlers observed by the Voyager Plasma Wave
experiment had traveled from the ionosphere of Jupiter to the spacecraft. The
electrons accompanying the torus ions were jnsufficient to produce the
observed dispersion and Tokar et al. (1982b) inferred that light ioms, such as
protons, had escaped from Jupiter's ionosphere and populated the mid-latitudes




between the torus and the ionosphere, contributing a further 10%-20% to the
total electron content of these L-shells. Correcting the ion temperatures by
a factor of two in the warm torus would increase the total plasma content by
~40% which may produce far greater frequency dispersion of the whistlers than
observed (however, see the discussion concerning temperature below). Without
repeating the work of Tokar et al. (1982) it is not possible to accurately
determine the constraint placed by the observed whistler dispersions on the

total flux tube content.

Finally, enother important quantity that was derived from the PLS ion mea-
surements was the Alfven speed in the torus. Since the Alfven speed. is
inversely proportional to only the square root of the local mass demsity, the
corrected ion temperatures produce little change in the contour map of Alfven
speed shown in Figure 15 of Bagenal and Sullivan (1981). The average time
taken by an Alfven wave to travel along field lines between Io and the iono-
sphere of Jupiter (Bagemal, 1983) should be increased by ~20% to 400 seconds
due to the extension of the torus. The range in travel times due to the vari-
ation in Io's position in the torus becomes about 200 to 800 seconds.

UNCERTAINTIES IN THE MEASUREMENTS OF ION TEMPERATURES

The ion data obtained inside ~5.7 RJ allowed accurate determination of the
temperatures of the major ionic species (Bagenal and Sullivan, 1981; Bagenal,
1984). In this cold inner torus then, the factor of two correction to temper-
atures discussed above reflects the physical conditions in that region. How-
ever, outside of ~5.7 RJ, in the warm torus, there are inherent difficulties
in the determination of ion temperatures. We currently feel that an increase
of a factor of two in published ion temperatures in that regionm, although
mathematically correct, probably is not physically realistic; on physical
grounds an increase in published values of a factor around 1.5 is probably
more appropriate in the warm torus for the following reasoms. Firstly, the
broad velocity distributions of the warm plasma produce a very flat energy-
per-charge spectrum in which the individual pesks of the ionic species camnot
be resolved. Thus the parameters V, n and w for each species are not well-




constrained by the data. Imposing the condition that all the ions should have
the same temperature would reduce the number of free parameters and improve
the fit. ‘

However for the isothermal approximstion to he valid the time scale for
thermal equilibrium between the different heavy ion species must be apprecia-
bly less than the characteristic time for diffusive loss. For the thermal (~60
eV) multi-species torus plasma ions the time for equilibration via ion-ion
Coulomb collisions is about 5§ days and the diffusion time scale is 10 to 100
days. Thus the isothermal assumption is probably reasonable for the bulk of
the ions. However new ions are continuously created at pickup energies of 300
to 600 eV and these ions maintain a high energy tail im the ion distribution
at energies well above the peak of the thermal distribution. This hot compo-
nent will broaden the energy-per-charge spectra and increase the ion tempera-
tures derived under the assumption of thermal equilibrium. A preliminary
inspection of the high energy tail of the spectrum suggests 10%-20% of the
jons are hotter than the thermal population. These numbers are comsistent
with both theoretical studies (Barbosa et al., 1983; Richardson and Siscoe,
1983) end spectral observatioms of optical emissions from s’ ions reported by
Brown (1982).

A study of the ionic composition of the warm torus using data from both the
PLS detector and the Voyager Ultraviolet Spectrometer is in progress and it is
hoped that, as a result of reducing the number of free parameters, the iom
temperature c¢an be better constrained. Meanwhile, the original analysis of
Bagenal and Sullivan (1981) probably over-estimated the width of the velocity
distributions because of the presence of non-thermal tails, and hemce we
believe the temperature of the thermal ion population outside 5.7 RJ to be
only a factor ~1.5 greater than their results, and not the full factor of two.
We must be cautious in comparing local measurements made by Voyager 1 in 1979
with remote observations made using ground-bssed telescopes over & period of
several years. Nevertheless, we suggest that the ion temperatures reported
here are comsistent with the temperatures of s and s?* jons obtained from
spectral measurements of line emissiocns by Trauger et al. (1980), Brown (1981,
1982) and Roesler et al. (1982).
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Figure Captions
Figure 1.
Revised isodensity contour map of positive charge density (in elementary

charges/cm®) as a function of centrifugal distance and height above the cen-
trifugal equator.
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